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,QWURGXFWLRQ
,Q UHFHQW \HDUV WKH FRQFHSW RI D QHZ HOHFWULFDO SRZHU VXSSO\ QHWZRUN LH PLFUR JULG KDV EHHQ SURSRVHG
0LFURJULGLVDVPDOOQHWZRUNFRPSULVLQJRIYDULRXV'LVWULEXWHG*HQHUDWRUV'*VDQGORFDOORDGV,QJHQHUDO WZR
W\SHVRI'*VDUH LQWHJUDWHG LQ WKHPLFURJULG7KH ILUVW W\SHGHSHQGVRQ UHQHZDEOHHQHUJ\UHVRXUFHVHJZLQGRU
VRODU,WVRXWSXWLVXQFHUWDLQDQGQRWGLVSDWFKDEOH7KHRWKHUW\SHLVDFRQWUROODEOHDQGGLVSDWFKDEOH'*HJVPDOO
*DV(QJLQH*HQHUDWRU*(*ZKLFKLVFRPPRQO\XVHGWRDGMXVWWKHSRZHUVXSSO\DQGGHPDQG,GHDOO\PLFURJULG
VKRXOGKDYHWKHHQRXJKVXSSO\FDSDFLW\WRNHHSWKHEDODQFHEHWZHHQJHQHUDWLRQDQGGHPDQGRILWVRZQDUHDZLWKRXW
DQ\VXSSRUWIURPWKHXWLOLW\JULG+RZHYHUWKHFRVWIRUWKHPLFURJULGWRNHHSLQJWKHEDODQFHRYHUDORQJWLPHSHULRG
LV UHODWLYHO\ KLJK )XUWKHUPRUH LW LV H[SHFWHG WKDW PRUH UHQHZDEOH HQHUJ\ JHQHUDWLRQ ZLOO EH LQWURGXFHG WR WKH
PLFURJULGV LQ WKHQHDU IXWXUH7KLVZRXOG IXUWKHU OHDG WR WKH FKDOOHQJHRI NHHS WKH SRZHU EDODQFH HVSHFLDOO\ WKH
LQIOXHQFHEHFRPHVPRUHVHULRXVLQWKHLVODQGHGSRZHUV\VWHPGXHWRLWVVPDOOFDSDFLW\ZKHQDVXEVWDQWLDODPRXQWRI
UHQHZDEOHHQHUJ\LVLQWURGXFHG7RVROYHVXFKDSUREOHPWKHH[LVWHQFHRISOHQW\FRQWUROODEOHFXVWRPHU
VDSSOLDQFHV
VXFKDV9*DQG+3VDVZHOODVGLVSDWFKLQJPHWKRGVRIWKH/RDG)UHTXHQF\&RQWURO/)&VLJQDOFDQEHFRQVLGHUHG
DV DYLDEOH VROXWLRQ >@7KHVHQHZDSSOLDQFHVKDYH HQHUJ\ VWRUDJHV VXFK DVEDWWHU\RUKRWZDWHU WDQNV LQ WKHLU
VWUXFWXUHV7KH\DUHFRQVLGHUHGDVFRQWUROODEOHORDGVGXHWRWKHFRQVXPSWLRQRISRZHUFKDQJLQJGXULQJWKHSURFHVV
RIFKDUJLQJDQGGLVFKDUJLQJSHULRGRIWKH%DWWHU\%7RUZDWHUKHDWLQJVRORQJDVWKHSURFHVVRIKHDWLQJRUFKDUJLQJ
LVFRPSOHWHGZKHQHYHU WKHFXVWRPHUZRXOGOLNHWRXVHWKHP7KRVHQHZFRQWUROODEOH ORDGVDUH LQIDFWFRRSHUDWLQJ
ZLWK 7XUELQHV 7% DQG *RYHUQRUV *29 RI WKH JHQHUDWLQJ SODQWV 1HYHUWKHOHVV YDULRXV V\VWHP RSHUDWLQJ
FRQGLWLRQV XQSUHGLFWDEOH 3KRWRYROWDLF 39 SDWWHUQV HWF FDXVH V\VWHP XQFHUWDLQWLHV LQ ZKLFK FRQYHQWLRQDO
FRQWUROOHUVPD\ORVHWKHFRQWUROLPSDFWDQGIDLOXUHRIWKHIUHTXHQF\GHYLDWLRQGDPSLQJPD\RFFXU7KLVZLOOLPSDFW
RQWKHSRZHUTXDOLW\RIVXSSO\DQGWKHV\VWHPVWDELOLW\GHWHULRUDWLRQPD\RFFXU

,Q WKLV SDSHU &'0 FRQWUROOHU LV FRQQHFWHG LQ SDUDOOHO ZLWK WUDGLWLRQDO FRQWUROOHU DQG WKH GHVLJQ RI &'0
FRQWUROOHURIVPDUWSRZHUV\VWHPXWLOL]LQJ9*IRUWKH/)&KDVEHHQSUHVHQWHG7KH&'0SRO\QRPLDOVSDUDPHWHUV
KDYHEHHQGHVLJQHGEDVHGRQWKHVPDUWSRZHUV\VWHPG\QDPLFPRGHO7KH&'0WHFKQLTXHODZSURGXFHVLWVRSWLPDO
RXWSXW GHULYHG IURP D TXDGUDWLF FRVW IXQFWLRQPLQLPL]DWLRQEDVHG RQ WKH VPDUW SRZHU V\VWHPG\QDPLFPRGHO$
FRPSDULVRQKDVEHHQFDUULHGRXWEHWZHHQWKHSURSRVHGWHFKQLTXHDQGWKHFRQYHQWLRQDOLQWHJUDOFRQWUROOHUFRQILUPHG
WKDWWKHSURSRVHGWHFKQLTXHKDVVXSHULRUYDOLGLW\>@5HVXOWVRIVLPXODWLRQFRQILUPHGWKDWWKHSURSRVHGFRQWUROOHU
PHWKRGFDQEHDSSOLHGVXFFHVVIXOO\WRWKHVPDUWSRZHUV\VWHP/)&ZLWK9*LQFOXGLQJWKHSUHVHQFHRIWKHYDULDEOH
GHPDQGDQGYDULDEOHVRODUSRZHU
6HFWLRQRIWKLVSDSHUH[SODLQVWKHVPDUWPLFURJULGV\VWHP6HFWLRQGLVFXVVHVWKHFRQGLWLRQDQGWKHVWUXFWXUHRI
WKHV\VWHPVLPXODWLRQLQGHWDLOV6HFWLRQGHVFULEHVWKH3,&'0JHQHUDOFRQVLGHUDWLRQDQGLWVVWUXFWXUH6HFWLRQ
VKRZVWKHVWUDWHJ\RI/)&PRGHOZLWKSURSRVHGFRQWUROOHUV6HFWLRQSUHVHQWVWKHDQDO\VLVRIWKHVLPXODWHGUHVXOWV
RI GLIIHUHQW VWXGLHG FDVHV RI SURSRVHG FRQWUROOHU ZLWK DQ LVRODWHG VPDOO SRZHU V\VWHP XQGHU YDULRXV RSHUDWLQJ
FRQGLWLRQV)LQDOO\VSHFLILFFRQFOXVLRQVDUHSUHVHQWHGLQ6HFWLRQ
6PDUW0LFURJULG6\VWHP
2.1. Control Strategy Structure 
/)&KDVEHHQFDUULHGRXWWREDODQFHJHQHUDWLRQDQGGHPDQG7KHWUDGLWLRQDO3,FRQWUROOHUDWWKHPDLQJHQHUDWLRQ
LV FRQQHFWHG LQ SDUDOOHOZLWK WKH UREXVW &'0 FRQWUROOHU 7KH&'0SRO\QRPLDOV SDUDPHWHUV KDYH EHHQ GHVLJQHG
EDVHGRQ WKHSRZHU V\VWHPG\QDPLFPRGHO7KH&'0WHFKQLTXH ODZSURGXFHV LWVRSWLPDORXWSXWGHULYHG IURPD
TXDGUDWLFFRVWIXQFWLRQPLQLPL]DWLRQEDVHGRQWKHVPDUWSRZHUV\VWHPG\QDPLFPRGHO7KH/)&VLJQDODFKLHYHGWR
VDWLVI\WKHZKROHV\VWHPHOHPHQWVWRJXDUDQWHHWKHSDUWLFLSDWLRQRI9*LQWKHFRQWUROVWUDWHJ\DVVKRZQLQ)LJ
2.2. Microgrid Model 
0LFURJULGV\VWHPPRGHOFRQVLVWVRIORDGVJDVHQJLQH39:LQG7XUELQH:7DQGVWRUDJHV\VWHPVZKHUHDVWKH
JDV HQJLQH LV WKH PDLQ V\VWHP JHQHUDWRU DQG LWV FRQWURO EDVHG RQ /)& DQG *RYHUQRU )UHH *) FRQWURO DIWHU
344   Yaser Qudaih et al. /  Energy Procedia  100 ( 2016 )  342 – 351 
WKHFDSDFLW\RIJDVVXSSOLHGWRWDQNLQNJ0Z+]>@)LJVKRZVWKHJDVHQJLQHPRGHOEORFNGLDJUDP
DMs 


)LJ)UHTXHQF\$QDO\VLV0RGHO

)LJ*DV(QJLQH*HQHUDWRU0RGHO>@
2.3. Power Fluctuation of RES and Load 
7KHQHWZRUNFRQILJXUDWLRQLVQRWGHWDLOHGDQGDOOORDGVDUHDJJUHJDWHGWRRQHORDG)LJDVKRZVVXFKPRGHO
ZKLFKLVGHILQHGLQ>@LQZKLFKVWDQGDUGGHYLDWLRQ>0:@LVDVVXPHGE\
loadload P U 
2ULJLQDOUDQGRPIOXFWXDWLRQLVJHQHUDWHGIURPZKLWHQRLVHEORFN,W LVPXOWLSOLHGE\EDVHORDGFDSDFLW\DQGWKH
VWDQGDUG GHYLDWLRQ WR FDOFXODWH RXWSXW IOXFWXDWLRQ RQ WKHPRGHO *HQHUDWLRQ RI VRODU SRZHU DQG ZLQG >@ LV
UHSUHVHQWHGLQWKHVDPHPDQQHUZKHUHWKHLUSRZHURXWSXWVDUH0:DQG0:UHVSHFWLYHO\)LJEVKRZVWKH
SDWWHUQRIORDGIOXFWXDWLRQUHSUHVHQWLQJUDQGRPFKDQJHVLQWKHFRQVXPSWLRQRIHQHUJ\$VIRUWKHLQVWDOODWLRQVLWHRI
ZLQGDQGVRODUSRZHU LW LVDVVXPHGWKDWVRODUV\VWHPVDQGZLQGWXUELQHVDUHZLGHO\GLVSHUVHGLQ WKHDUHD,Q WKLV
FDVHGXHWRWKHHIIHFWRIVPRRWKLQJWKHPD[LPXPRXWSXWIOXFWXDWLRQRYHUDPLQXWHLQWHUYDOLVDERXWRIWKH
UDWHGRXWSXW >@+RZHYHU WKH HIIHFW RI VPRRWKLQJ UHOLHV RQ WKH LQVWDOODWLRQ DQG FOLPDWH FRQGLWLRQV KHQFH LW LV
DVVXPHGWKDWWKHZLQGSRZHUIOXFWXDWLRQEDQGWREHRIWKHUDWHGRXWSXW

)LJD/RDG0RGHOE/RDG)OXFWXDWLRQ
2.4. V2G Model 
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(OHFWULF9HKLFOHV(9VKDYHHOHFWULFPRWRULQVWHDGRIHQJLQHZKLFKJDLQHGPXFKFRQFHUQDVWKHQH[WJHQHUDWLRQ
YHKLFOHV7KH\XVHELGLUHFWLRQDO$&'&FRQYHUWHUVZKLFKWUDQVIRUP$&FXUUHQWLQWR'&FXUUHQWGXULQJWKHEDWWHU\
FKDUJLQJSURFHVVDQGWUDQVIRUP'&FXUUHQWLQWR$&FXUUHQWGXULQJWKHEDWWHU\GLVFKDUJHPRGH9HKLFOHWR*ULGKDV
WZRRSHUDWLQJPRGHVDVVKRZQLQ)LJWKHILUVWPRGHLV9*ZKLFKKDVRQHGLUHFWLRQRIFKDUJLQJSRZHUFRQWURO
IURPWKHJULGWRYHKLFOHVDQGWKHVHFRQGPRGHLV9*ZKLFKKDVELGLUHFWLRQDOFKDUJLQJGLVFKDUJLQJSRZHUFRQWURO
IURPJULGWRYHKLFOHVRUYHKLFOHVWRJULG

)LJ9HKLFOHWR*ULG3RZHU&RQWURO$JDLQVW)UHTXHQF\'HYLDWLRQ
7KHRXWSXWSRZHURI9*PV2GFDQEHFRQWUROOHGDV WKHGURRSFKDUDFWHULVWLFVDJDLQVW WKHIUHTXHQF\GHYLDWLRQ
ǻf$VVKRZQLQ)LJDQGFDOFXODWHGE\WKHIROORZLQJHTXDWLRQ>@
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WDNLQJ D WUDGHRII EHWZHHQ WKH YHKLFOH HIIHFW DQG WKH GHYLDWLRQ UDQJH RI EDWWHU\ 6WDWH RI &KDUJH 62& LQWR
FRQVLGHUDWLRQ :KHQ WKH 62& LV QHDU WR HPSW\ IXOO D KLJKSRZHU GLVFKDUJLQJ FKDUJLQJ VKRXOG QRW EH
LPSOHPHQWHGIRUSUHYHQWLQJRYHUGLVFKDUJHRYHUFKDUJH2QWKHEDVLVWKDWWKHDFFXUDWH62&HVWLPDWLRQLVUHDOL]HGD
EDODQFHFRQWUROLVLQVWDOOHGDVWKHIROORZLQJHTXDWLRQ>@
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:KHUHkmax LVPD[LPXPJDLQRI9*DQGQLVGHVLJQSDUDPHWHUSOClowSOCmin SOCmaxDQGSOChighDUH ORZ
PLQLPXPPD[LPXPDQGKLJKRIEDWWHU\62&UHVSHFWLYHO\7KH62&FDQEHFRQWUROOHGE\WKH62&EDODQFHFRQWURO
DQGN9*FDQEHDGMXVWHGE\WKH62&GHYLDWLRQFRQWUROZLWKLQWKHVSHFLILHG62&UDQJHDVVKRZQLQ)LJ>@
K9* &KDUJH
K9* 'LVFKDUJH
          
KPD[
62&ORZ
62&PLQ 62&KLJK
62&PD[
%DWWHU\62&>@





)LJ62&%DODQFH&RQWURO
7KH FRQWURO RI 9* LV VLPLODU WR EDWWHULHV LQ WKH QHWZRUN EHFDXVH WKH 9* EDWWHULHV ZLWK WZRZD\ SRZHU
FRQYHUWHUV FDQ EH FKDUJHG DQG GLVFKDUJHG FRUUHVSRQGLQJ WR WKH VLJQDO RI /)& >@ 7KHPRGHO LQ WKLV UHVHDUFK
GHSHQGVRQFKDUJLQJDQGGLVFKDUJLQJFRQFHSWEHWZHHQWKHVWRUDJHV\VWHPVRIWKH9*ZLWKLQWKH62&RIWR
DQGWKHSRZHUV\VWHPVRDVWRVKDUHWKHRSHUDWLRQDQGFRQWURORISRZHUV\VWHP9*GLVFKDUJHVDFFRUGLQJWR
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WKHVLJQDORI/)&ZLWKLQ WKH62&DQG LQFKDUJLQJVWDWH LWGRHVQRWJLYHUHVSRQVH ,Q WKHGHVLJQDWHGV\VWHP
RI WKH9* LV FKDUDFWHUL]HGDV FRQWUROODEOHFDVHDQG LW FDQEHGLVFKDUJHGZLWK/)&VLJQDO7KHUHIRUH9*
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/RDGGDPSLQJ&RQVWDQW>SX@V\VWHP%DVH 
*29&DSDELOLW\>SX@ 
/)&&DSDELOLW\>NJ0Z+]@ 
(9V>7RWDO3RZHU0:@ 
7DEOH*HQHUDWLRQ'DWD
3RZHU*HQHUDWLRQ7\SH 5DWHG&DSDFLW\0:
*DV(QJLQH*HQHUDWRU 
:LQG 
6RODU 
&RHIILFLHQW'LDJUDP0HWKRG
7KHUHTXHVWHGUHVSRQVHLQWLPHGRPDLQFDQEHDFKLHYHGE\WKH&'0PHWKRGZKLFKUHDUUDQJHVWKHFORVHGORRS
SROHVRIWUDQVIHUIXQFWLRQ7)>@,QFRHIILFLHQWGLDJUDPFKDUDFWHULVWLFSRO\QRPLDOFRHIILFLHQWVaiDUHVKRZQRQ
WKH ORJDULWKPLF YHUWLFDO D[LV VWDELOLW\ LQGLFHV Ȗi DQG HTXLYDOHQW WLPH FRQVWDQW ĲZKHUHDV WKH RUGHU YDOXHV RI i 
ZKLFK FRUUHVSRQG HDFK FRHIILFLHQWV DUH VKRZQ RQ WKH KRUL]RQWDO D[LV 7KH FRQYH[LW\ GHJUHH ZKLFK JRW IURP
FKDUDFWHULVWLFSRO\QRPLDOFRHIILFLHQWVJLYHVDVWDELOLW\PHDVXUHZKLOHWKHUHVSRQVHVSHHGLVPHDVXUHGE\WKHFXUYH
JHQHUDOLQFOLQDWLRQDQGWKHUREXVWQHVVLVPHDVXUHGE\WKHVKDSHRIaiFXUYHEHFDXVHRIYDULDWLRQRISODQWSDUDPHWHU
)LJVKRZVWKH6LQJOH,QSXW6LQJOH2XWSXW6,62EORFNGLDJUDPOLQHDUWLPHLQYDULDQWV\VWHPZLWK&'0FRQWUROOHU
:KHUH Ns As Ds Bs DQG Fs DUH QXPHUDWRU SRO\QRPLDO IRUZDUG GHQRPLQDWRU SRO\QRPLDO SODQW 7)
GHQRPLQDWRU SRO\QRPLDO QXPHUDWRU SRO\QRPLDOV IHHGEDFN DQG UHIHUHQFH QXPHUDWRU UHVSHFWLYHO\ 7KHUH DUH WZR
QXPHUDWRUVLQWKHFRQWUROOHU7)RI&'0WKH\LPSO\WKHV\VWHPVWUXFWXUHRI'2),QWKLVVFKHPHdLVWKHH[WHUQDO
GLVWXUEDQFHVLJQDORIWKHGLVWXUEDQFHrLVFRQVLGHUHGWKHUHIHUHQFHVLJQDOWRWKHV\VWHPuLVWKHFRQWUROVLJQDODQGy 
LV UHSUHVHQWHG DV WKH FRQWURO V\VWHP +RZHYHU LQ WKLV SDSHU &'0 KDV EHHQ FRQQHFWHG LQ SDUDOOHO ZLWK WKH
FRQYHQWLRQDOFRQWUROOHUWRDYRLGWKHFKDQJHLQPRGHOVWUXFWXUH

)LJ%ORFN'LDJUDPRID3,&'0&RQWURO6\VWHP
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))&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TARNJ0Z+]LVWKH/)&FDSDFLW\RIWKHJDVHQJLQHJHQHUDWRUVZKHUHC(9WLVWKHORZHUDQGXSSHUOLPLWRIWKH
9*FRQWUROODEOHFDSDFLW\$3,&'0FRQWUROOHUVKRZQLQ)LJLVXVHGIRUJHQHUDWLQJWKHWRWDO/)&VLJQDOLQVLGH
WKH FXUUHQW XWLOLW\ FRQWURO V\VWHP7KHUH LV D SRVVLELOLW\ WKDW WKH FRQWURO LQ IUHTXHQF\EHFRPHV EHWWHUZLWK D QHZ
FRQWUROOHU WKDQZLWK WKHRQO\3,FRQWUROOHU+RZHYHU WKH WDUJHWRI WKLVVWXG\ LVQRW WRGHVLJQDQHZFRQWUROOHU IRU
JHQHUDWLQJ WKH /)& VLJQDO IRU GDPSLQJ WKH IUHTXHQF\ RVFLOODWLRQ E\ XWLOL]LQJ QHZ /)& UHVRXUFHV VXFK DV 9*
)LUVWO\WKH/)&VLJQDOLVVHQWWRWKH9*ZKLFKKDVDKLJKHUUHVSRQVHVSHHGDPRQJRWKHUUHVRXUFHV6HFRQGO\WKH
9* ZKLFK FDQQRW FRYHU WKH /)& VLJQDO FRPSRQHQWV EHFDXVH WKH FRQWUROODEOH FDSDFLW\ RI WKHP LV OLPLWHG DUH
LQVHUWHGWRWKH/)&JHQHUDWRUVDV/)&TOIFH[WUDFWHGE\WKHWLPHGHOD\FRQVWDQWDQG/)&VLJQDOWKHQVHQWWR*(*
DVDQHQGLQJFRQWUROOHU
5HVXOWVDQGGLVFXVVLRQ
6.1. Robustness against parameters variation 
3RZHU V\VWHP SDUDPHWHUV DUH FRQVWDQWO\ FKDQJLQJ DQG WKLVPD\ GHJUDGH WKH FORVHGORRS V\VWHP SHUIRUPDQFH
VHULRXVO\ $V LQGLFDWHG LQ WKH SUHYLRXV VHFWLRQV WKH PDLQ DGYDQWDJHV RI WKH LQWHOOLJHQW FRQWURO PHWKRGV DUH
UREXVWQHVV DJDLQVW HQYLURQPHQWDO DQG G\QDPLFDO FKDQJHV )RU VKRZLQJ WKH DGDSWLYH SURSHUW\ RI WKH SURSRVHG
PHWKRGRIFRQWUROOHUWKHPDLQV\VWHPSDUDPHWHUVLQWKHIUHTXHQF\UHVSRQVHPRGHOLHDGDPSLQJFRHIILFLHQWM 
LQHUWLD FRQVWDQWTt WXUELQH WLPH FRQVWDQWTg JHQHUDWRU WLPH FRQVWDQW DUH VLJQLILFDQWO\ FKDQJHG DFFRUGLQJ WR
7DEOH7KHFORVHGORRSIUHTXHQF\UHVSRQVHDIWHUDSSO\LQJWKHVHFKDQJHVWRWKHPLFURJULGV\VWHPSDUDPHWHUVDUH
VKRZQLQ)LJV,WFDQEHVHHQIURP)LJWKDWWKHFRQYHQWLRQDOFRQWUROOHUFDQQRWKDQGOHWKHDSSOLHGSDUDPHWHUV
SHUWXUEDWLRQDQGWKHSDUDOOHOFRQQHFWLRQRI&'0DQG3,&'03,RIWKHSURSRVHGFRQWUROOHUPHWKRGLVPRUHIDVW
DQGUDSLGUHVSRQVHLQVPDUWPLFURJULGV\VWHP
7DEOH8QFHUWDLQ3DUDPHWHUVDQG9DULDWLRQ5DQJH
3DUDPHWHU 9DULDWLRQ 3DUDPHWHU 9DULDWLRQ
D  7J 
M  Tt 
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&RQYHQWLRQDO3,&RQWUROOHU

)LJ)UHTXHQF\LQ3DUDPHWHUV8QFHUWDLQW\
6.2. Robustness against V2G Penetration 
7RFRQILUPWKHVXSHULRULW\RIWKHSURSRVHG3,&'0PHWKRGFRPSDUHGZLWKWKHRQO\FRQYHQWLRQDO3,FRQWUROOHU
WKH\DUHWHVWHGXQGHUWKUHHGLIIHUHQWSHULRGVDQGVLWXDWLRQVIRU9*SHQHWUDWLRQDVIROORZ
&DVH9*LQWURGXFHGDVDEXONSHQHWUDWLRQDW6HF
&DVH9*GLVFRQQHFWHGDW6HF
&DVH9*SHQHWUDWHGDJDLQDW6HF
)LJXUHV  DQG  ,OOXVWUDWHV WKH VLWXDWLRQ ZKHUH WKH V\VWHP IUHTXHQF\ LV ZHOO FRQWUROOHG ZKHQ XVLQJ 3,&'0
FRQWUROOHULQ)LJDDQGWKHGLVDELOLW\RIRQO\3,FRQWUROOHUWRDFFHSWWKHFKDQJHVDQGDGDSWWKH9*SHQHWUDWLRQ
SDWWHUQVLQ)LJ)LJELOOXVWUDWHVWKHVZLWFKLQJPRGHVRI9*SHQHWUDWLRQ

)LJD)UHTXHQF\5HVSRQVHRI3DUDOOHO3,&'0&RQWUROOHUE6ZLWFKLQJ0RGHVRI9*3HQHWUDWLRQ

)LJ)UHTXHQF\5HVSRQVHRI&RQYHQWLRQDO3,&RQWUROOHU
 Yaser Qudaih et al. /  Energy Procedia  100 ( 2016 )  342 – 351 351
&RQFOXVLRQ
7KLVSDSHUVWXGLHVWKHPHUJLQJIOXFWXDWLRQRIUHQHZDEOHHQHUJLHVDQGWKHXWLOL]DWLRQRI9*LQDVPDUWPLFURJULG
V\VWHPFRQWUROOHGE\DUREXVW/)&EDVHGRQWKH&'0FRQWUROOHUDGGHGWRWKHFRQYHQWLRQDORQH'LJLWDOVLPXODWLRQV
KDYHEHHQGRQHWRFKHFNWKHYDOLGDWLRQRIWKHSURSRVHGVFKHPHHIIHFWLYHQHVV7KHSURSRVHGFRQWUROOHUVFKHPHKDV
EHHQWHVWHGIRUPLVPDWFKHGJHQHUDWLRQ7KHUHVXOWVRIVLPXODWLRQSURYHWKDW3,&'0FRQWUROOHUZLWKWKHFORVHGORRS
/)&V\VWHP LV UREXVWDJDLQVW WKH V\VWHPGLVWXUEDQFHDQGKDVDSSURSULDWHSHUIRUPDQFHFRPSDULQJZLWK WUDGLWLRQDO
LQWHJUDO FRQWURO LQ DOO RI WKH SUHYLRXV WHVW VFHQDULRV )XUWKHUPRUH LW ZDV GHQRWHG WKDW 9* V\VWHPV HIIHFWLYHO\
LPSURYHWKHRYHUDOOVPRRWKLQJFDSDELOLWLHVLQUHVSRQVHWRWKHUHQHZDEOHHQHUJLHVLPSDFWV&RQVHTXHQWO\WKH\KDYH
DQLPSRUWDQWUROHLQEDODQFLQJWKHGHPDQGDQGVXSSO\RISRZHULQWKHVPDUWPLFURJULGV\VWHP
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